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TECI-INICAL MEMORANDUM X-G4080 


DEVELOPlViENT AND ANALYSI S OF A MODULAR 
APPROACH TO PAYLOAD SPECIALIST TRAINING 

1.0 SUMMARY 

A desci’iption of the development and analysis of a modular approach to 
Spacelab payload crew training is presented in this repoit. Representative 
missions are defined for training requirements analysis, training hardware, 
and simulations. Training times are projected for eadi experiment of each 
representative flight. A parametric analysis of the various flights defines 
resource requirements for a modular’ training facility at different flight fre- 
quencies. The modular approach Is believed to be more flexible, time saving, 
and economical than previous single high fidelity trainer concepts. 


2.0 INTRODUCTION 


The American Space Program has beea characterized hy highly success- 
ful missions, due in part to the lengthy, extensive training programs pro\ddcd 
for the astronauts. Widely spaced launch schedules, a dedicated cadre of 
astronauts, a generous budget, and a limited number of total flights enabled 
such extensive training to be provided. Now, however, NASA is entering the 
Shuttle era where the latest mission model identifies as many as 60 flights per 
year, with the total number of flights planned being over 500. To support such 
a number of flights, a more cost conscious budget will be a necessity. 

To operate the Shuttle a professional cadre of astronauts will still be 
needed as pilots and crew members. However, since Spacelabs will be flow 
on many of these Shuttle flights, additional crewmen wll be required. On 
Spacelab flights, researchers or their representatives will be offered tlie 
opportunity to fly into Earth orbit and to perform their own experiments in orbit. 
These crew members' (called payload specialists) responsibilities wll be 
experiment related only. These flights introduce an entirely new concept in 
flight crews and training concepts. 

The requirement to train these individuals in the procedures for perform- 
ing experiments in space presents a new and unique problem not satisfied by the 
training techniques employed for professional astronauts. This report defines 
a payload specialist training concept, and proceeds to provide an indepth train- 
ing requirements analysis of selected missions. In addition, the results of a 
parametric analysis providing prolimtaary resource requirements are 
documented. 
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3.0 BACKOROUND 

The Shuttle System is a transportation system designed to carry payloads 
to and from Earth orbit and to support in-orbit performance of expei’iments. 

The prime Shuttle payload, the only one discussed in this paper, is Spacelab. 
Spacelab has two major components, modules and pallets, The long pi’cssurized 
module is 0, 9 m (22. 6 ft) long and 4. 00 m (13. 3 ft) in diameter, and pallets 
are in 3 m (9. 8 ft) long segments. On a given mission, the Spacelab configura- 
tion onu be comprised of a modulo only, a pallet(s) only, or a combination of 
module( s) and pallet(s) . Experiment payloads may bo contained in the module 
or mounted on the pallets for poi’formanco in Earth orbit. 

Expei’iment payloads may be sponsored by any of a number of agencies 
including the Department of Defense (DOD) . National Aeronautics and Space 
Administration (NASA) , European Space Agency (ESA) , or members of the 
Scientific community such as universities or private research organisations. 
These payload sponsors or their designated researchers define, design, and 
develop experiment payloads for installation in a Spacelab with whieh to conduct 
in-orbit research of their choice. 

To operate the Shuttle and its Spacelab payload, a crew consisting of a 
commander, a pilot, amission specialist, and one to four payload specialistr 
will be required. 

1. Cojumander — The commander will be in command of tlio flight and 
will be responsible for the overall space veMcle operations, pcrsoniu'I, and 
veliiclo safety. 

2. l?ilot — The pilot mil be second in command of overall space vehicle 
operations. He •will normally peiTorm the payload deployment/ retrieval opera- 
tions via the remote manipulator system and will be the second cromnan for 
EVA operations. 

3 . Mission Specialist — The mission specialist will bo proficient in 
payload (experiment) operations, Hewrill have a detailed Imowlcdge of the 
payload operations, requirements, objectives, and supporting equipment. lie 
\vill be knowledgeable on Orbiter and attached payload support systems and will 
be the prime cx-ewman for EVA operations. At tlie discretion of the payload 
sponsor, he may assist in the management of pa 3 i’loadbperations and may in 
specific cases serve as the pajdoad specialist, 


4, Payload Specialisfc — The payload specialist ^vill bo responsible for 
the attainment of the payload (experiment) objectives. The payload specialist 
^vill have a detailed Icnowledge of the payload Instruments ( and their subsystems) , 
operations, requirements, objectives, and supporting equipment. The payload 
specialist wll be responsible for the management of payload operations and for 
the detailed operation of particular instruments or experiments. The payload 
specialist must be Imowlcdgeable of certain Orbitor systems, e. g» , accommoda- 
tions, life support, hatches, tunnels, and caution and warning systems. 

Because of the nature of their job the pilot, commander, and mission 
specialist will likely be selected from a cadre of professional astronauts. The 
mission specialist, pilot, and commander’ s duties are similar to astronaut 
duties of previous space missions, and training could be conducted in a similar 
way. However, the use of a payload specialist is a now concept, requiring the 
development of a different type of training progi’am. 

As a basic philosophy, Spacelab aims to open the space environment to 
researchers, i. e. principal investigators can be their own payload specialists. 
However, experience and preliminary planning indicate that the more usual or 
general case will be represented by the situation where a limited number of 
onboard specialists vdll be conducting research designed and sponsored by a 
lai’ger number of ground-based principal investigators. While the specialists 
may, in general, begin with an overall discipline familiarity, they ^vill seldom 
be proficient in the specific research which they will be called tipon to conduct. 
Moreover, neither these ’’proxy" researchers nor principal investigators 
(sbould they be part of the payload specialist crew) will be aware of the opera- 
tional ways in which their research interacts with other onboard activities. 

Prom the outset it was recognised that all payload specialists would be 
required to undergo two basic kinds of training t mission independent and mission 
dependent. Certain background knowledge and skills imtst bo shai’edby all 
payload specialists, regardless of the nature and objectives of their particular 
missions. This mission independent training embraces such areas as safety 
procedures, gciaeral payload carrier familiarization, system familiarization, 
habitability provisions and general flight procedures, and lends itself to a 
comparatively unvarying complement of training hardware, software, and other 
learning aids. There is a second, or mission dependent, category of training 
required — training tailored to the specific objectives and hardware to be 
operated on a particular mission. Clearly the training resources (hardware, 
software, and other learning provisions) to support this class of training will 
vary with each unique mission. 
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In the past, all training, Including mission dependent training, was con- 
ducted wdtli the aid of extremely high fidolity, **all up” trainers, duplicating to 
tine highest practical extent all physical and operational aspects of the spcoiflc 
mission to bo performed. After each mission, training systems were recon- 
figured to match the next upcoming mission. Given the overall sueoossful record 
of America's space program, there can be no serious question as to the efficacy 
of this all-systems approach. It demands, however, either sufficient time 
between missions to either reconfigure hardware and then conduct training’ or, 
alternately, sufficient training resources to permit the conduct of multiple 
concurrent training operations. An early review of Hpacelab oijerations indi- 
cated that the program would afford neither liberal time between missions noi’ 
the resources for imdtiple high-fidelity training facilities. For those rcjisons, 
an alternate approach was sought which would minimise program costs a.sso- 
ciated with multiple, high-fidelity trainers, provide the flexibility to suppoid 
high frequency mission models, and yet provide payload specialists with a high 
degree of payload proficiency. 

The training approach which was explored in doptli (which came to be 
termed tbo "modular'' approach) sought to abstract from a range of typical 
missions, the elements with which payload specialists wo\ild interact (e. g, 
payload specialist station, scientific airlock, racks, etc,). With the.se elements 
tabulated for each mission and vith an analysis of how long a payloiid speciali.st 
would be required to train upon each element, various "mission models" were 
analyzed to assess resource requirements as a function of lime. In a period 
of particularly Mgh flight frequency where all missions are "complex" (demand- 
ing a lengtliiy training eyele for each) , demands on certain resources m;\y lie 
quite Mgh. A month or so later, however, the opposite situation might b(^ true. 
Thus for each training resource a "resource profile" was produced for (r.ich of 
several mission models. After ai\ examination of vaidous scheduling optionsj 
and the application of statistical and parametric analyses (described herein 
and in Reference l) , a recommendation for resource procurement was 
formulated. 

It Is reiterated that recommended resources are not at the whole trainer 
level, but x’ather at the element or modulo level, This implies that at k>ast for 
the major part of their training, payload specialists will not be surrounded by a 
Spacelab pressure shell mockup with all internal features configured exactly as 
they will he encountered in flight. Rather, they will train on elements from 
their payload which can be progressively integrated such that ultimately all the 
operational elements with which they will deal \\ill be physically presemt, but 
never in an exact physical duplicate of their Right Spacelab* 


Some time prior to tlieir fliRht, it will bo highly desix’ablo, or oven 
necessary, to familiarize payload specialists with their unique Spacelal) con- 
figuration. For the purposes of this study, it was postulated that thore arc at 
least t\vo opportunities for this physical orientation to take place. For each 
payload to bo assembled, a "soft mocluip" will be constructed. This moclmp, 
envisioned primarily as an aid to analytical integration, will bo a three- 
dimensional plywood and eardboaixl layout of the payload. In this mockup the 
specialist can learn the relative locations of his research udth respect to other 
onboard provisions, location of stowage of various elejnents, etc. Final physical 
orientation can take place on the flight hardware itself, after the .Spaoelal) has 
been outfitted with all Internal experiments and support j)rovisions uJid with all 
items stowed in their appropriate locations (see Section 8,0, Note 1) . 

The analyses undertaken to define payload specialist mission dependent 
training resources required to help ci'eate the necessary level of competenee is 
doscribod below* Certain assumptions, drawn from extant policy and program 
goals, consistent with the preceding discussion {glided the study, These 
included? 

1. Payload specialists uall bo seloetcd to satisfy pa 5 doad s])onsor 
I’equirements and although physical requirements for flight must be met, the 
payload specialist will not neeossaidly be a professional astronaut. 

2. The payload sponsor has tlio primary responsibility for training 
pajdoad specialists in the procedural aspects of tlu! oxperimetits. NASA’ s 
px’imary role is to facilitate tx’aining and to assist the payload sponsor in meeting 
his responsibility. 

3. Mission dependout (oxpoi’imont/.Spacelab intei’face) ti’ainlng includes 
all training associated with the following? 

a. Common payload suppoi’t equipment familiarization , 

b. EIxperiixient operation to include opei’utlon du’ough the CDMS console 
and pajdoad specialist station. 

c. Procedural ti'aining £msistance when requested by the pajdoatl sponsor. 

4 . Mission independent (Oi’biter/Spacclal) systems) tniining will 
include j 
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a* Physiologjical conditioning’. 


b. Environmental familiarization. 

c. I’light safety training (resouo pr’ocediu’cs, survival equipment and 
procedures, inflight emergencies » pad egress). 

d. Habitability (sleepi hygiene, eating, exercise). 

o. Orbitor subsystems operation and characteristics (communication, 
life support, electrical power, attitude control, data management) . 

5. To preserve schedule Integrity and provide maximum assurance that 
missions will be conducted by personnel of highest qualifications, a backup will 
be selected and trained for each payload specialist. 

Based on these promises, the scope of this document is concept develop- 
ment and requirements analysis for payload specialist mission dependent train- 
ing. The following sections define the proposed concept for payload specialist 
training and describe the analysis of resources required. 


4.0 CONCEPT DEVELOPMENT 


It is recognized that a training approach must produce payload specialist 
competent to perform Spacelab experiments and to contend with contingency 
situations. It is suggested that the use of a payload specialist modular trainer 
concept in conjunction with involvement in mission preparation activities will 
provide such a flexible and effective training program. 

4.1 Modidar Concept (see Section 8.0, Note 2) 

A flexible, modular trainer concept requires the use of Spacelab com- 
ponent trainers such as airlocks, workbench, film vault/ stowage modules, 
racks, payload specialist station, and Command and Data Management System 
(CDMS) consoles. These items could be drawn upon to configure a training- 
compartment for a particular experiment training exercise. At the same time 
other compartments could be configured for training on other expei'iments from 
that payload or for other payloads. Instead of a single trainer creating a queue 
for payload specialists, simultaneous training of several payload specialists 
could occur tlius reducing cost and time while providing maximum trainer con- 
figuration flexibility. 

Typically a payload specialist might be processed through the training 
facility as indicated in Figixre 1. The orientation would give an overview of the 
Spacelab mission and its objectives as well as training objectives. A descrip- 
tion of the facility would bo provided together with an introduction to operational 
procedures to be followed. Also included in this orientation would be a px’esenta- 
tion of each payload specialist’ s schedule for the training sessions. A tour of 
the facility would be conducted to orientate the payload specialist to the location 
of the various areas within the facility. 



Figure 1 . Typical training activities of payload specialist 
through training facility. 







After travning facility orientation, the payload Ajpeciallsts would spend 
a session in a flight qonfigxired soft mockup (wood and cardboard), This would 
allow them to locate their experiments witliln the Spacolab and in relation to 
other crowmon’s exporimonts, 

Each payload specialist would then complete a series of expeidment 
specific training programs consisting of classroom and part task training 
exorcises on eaeh of his assigrod experiments. 

Following this a debriofing/ evaluation period would occur where the 
payload sponsor identifies those areas in which he feels Uie payload specialist 
requires more training. The payload specialist would then receive additional 
training in those areas in which his porfoimance is not adequate. 

As a climax to the training exercise, the individual training compartment 
partitions would be removed as necessary and an integrated payload training 
session conducted involving all mission payload specialists. During tbls phase 
of training a Payload Operations Center (POC) would bo interfaced with the 
training facility to simulate a ground/ orbit interface. 

4.2 Mission Activities Involvement 

In addition to the formal training cycle , utilizing the concepts just 
described, payload specialist involvement in mission prepai'ation activities 
can provide effective, realistic procedural and system interface training. 

Such mission activity Involvement is essential to reduce pajdoad specialist 
dedicated training time and training expense. Areas in w'hich the payload 
specialist should be involved are experiment development and integration, 
mission and flight planning, and ground operations. 

Experiment development and integration activities include the following; 

1. Experiment design and fabiacation 

2. Experiment reviews 

3. Experiment installation 

4. Integration and acceptance reviews and tests. 
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Involvement in these activities would give the payload specialist an excellent 
background in the intricacies of experiment operation and intei’faces. 

Mission and Flight Planning activities include: 

1. Discussion of mission objectives and constraints 

2. Analysis of operations 

3. Logistics i nd scheduling 

4. Flight plan development 

5. Onboard activity scheduling. 

Active participation in these activities should provide the payload specialist 
with a good understanding of flight activities and objectives, and his responsibil- 
ities as payload specialist. 

Payload specialist involvement in ground operations activities should 
include; 

1. Subsystem and integrated systems tests 

2. Payload/ Orbiter verification checks 

3. Launch readiness reviews and tests. 

This would provide a payload specialist interface with actual flight hardware 
as w'cll as integrated activity with other crew members. 
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5. 0 IDENTIFICATION OF TRAINING RESOURCES 


The resourees needed to support the modular concept of payload speeialist 
training inelucle facilities, hardware, and software. Each of the major items is 
defined in the following paragraphs, 

5. 1 Faellities 

The typos of facilities required are t 

1. Classi^ooms The classroom should provide an environment that 
allows the payload specialist to acquire an understanding of the requirements 
and cbtain a basic Imowlodgo of experiment operating capabilities and limitations. 

Resources required for classroom support should include desks, chairs, 
chalkboards, flip chart boards, and other audio-visual aids such as ovci’head 
projectors, slide projectors, movie projectors, and audio tape recorders. 

2. Fart Task Compartments — In the part task area, the payload 
specialist develops a detailed understanding of hardware location , orientation, 
and configuration and obtains basic hands-on operational expexience. It should 
be desigued to support the payload speeialist in developing the skills necessary 
for experiment performance and in developing crew coordinatjon. 

The part task areas should previde sufficient space and facilities to 
stoulato Spacolab work stations. Spaeelab similar racks should bo utllmod 
and the capability to interface rack mounted equipment to the CDMS sliQUld be 
provided. There will also be a requirement to link these areas to a simulation 
computer. A keyboard and CDMS console should he in close proximity to the 
part task trainer areas. There should be an audio communications ’ink to tbe 
control room and video cameras should be mounted to allow observation of the 
area. These cameras should have pan-tilt-xoom capabiiity and should be remote 
controlled from the control room. Facility interface*'' such as power, vacuum, 
pressurant, etc. are undetermined. Partitions sepaiuting those areas should 
have the capability of easy and quick removal to allow for integrated flight 
simulation. 

3. Control Rooxxx — The control room should contain training supex'tdsor 
consoles which would provide for CCTV viewing of the pax't task area with TV 
cameras coatrollablc fx’om this console and select audio communication to all 
parts of the training facility and a POC. In addition , there should be a command 
keyboard which will perxnit experiment control and faulting via a simulation com- 
puter. Time display, video recoi’d capability, experiment and system data 
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display aiid othoi’ capabilitios will be required. All video displays, closed cir- 
cuit, and peripheral simulation video should bo available at this console \'yith 
suporimposed time displays. 

This console should also provide positions for payload sponsors to 
observe the training operation. 

4. Maintenance and Storage This area would bo used for pacldng, 
vmpacldng, and inspection of experiment and simulation hardware. It supports 
part task preparation activities and provides an area for minor mechanical and 
electrical repair and refurbishment on a continuous basis. A security storage 
room would bo required for special experiment hardware ^vithin this ai’oa, 

5 . 2 Hardware 

The major hardware components of training equipment required are 
the CDMS, simulation computers, Payload Specialist Station (PSS) , peripheral 
simulation equipment, Common Payload Support Equipment ( CPSE) , and the 
part task experiments. 

1. CDMS/ CDMS Consoles — The training facility will require the use of 
a CDMS experiment computer capable of aceepting flight type experiment 
software. 

The CDMS should be accessed by a CDMS console, PSS, experiments, 
POC, and training control room. The information flowng from or to the PSS 
and/ or the CDMS console is in the form of commands or information for display. 
The Information from the CDMS to the POG and/ or the training control room 
would be in the form of a data stream similar to the flight dow-link. The infor- 
mation flowing from the POC and/ or the training control room to the CDMS 
would be in the form of uplink commands. The data stream at the training con- 
trol room would have to bo processed to provide the same type displays as is 
provided for the payload sponsor at the POC. The data bus between the GDMS 
and tne RAU’ s would carry experiment data mid/ or commands for experiment 
control. 

2. Payload Specialist Station — One or more high fidelity representa- 
tions of tlie Orbiter payload specialist station will bo required for those missions 
operatiiig Avith a pallet. It should provide a keyboard, TV monitor, analog-video 
recorder, caution and warning system and those experiment control and displays 
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requii’t^d fov that mission. It ahoulcl bt* of flight size ami ftuu’tionally iuteriu't 
with tho oxpetimeiit ajul simulation comuuUu’. Audio and viileo links should bo 
provided betweou this aroa and tlso control room. 

a, Hlnnilation Computor A simulation ('omputor (HimCom) oqulvalont 
to a Univac 1108 is required for support but could be shari'd with other tasks, 

This computer can be utilized to completely simulati^ expcn’iimmts, when opera- 
tional hardware is absent, through math models to {generate stimulus to experi- 
ment hardware or to .simulate extieriment responses, I’he HimC’om can be used 
to simulate portions of experiments not availatde, those (‘xperiments that can- 
not he operated in the Karth emdronmont, as well as those {‘xjierimc'nts which 
can be siraidated more eost-effeetiveiy than the experiment itself can he provided. 
The SimCom should also taI?o commands from the training control room and 
Impact the data to the experiment to evaluate the r(*sp{)use of the trainee in non- 
nominal situations. The SimCom should interfa(‘e with the CDMS, control iH)om, 
part task area, PSS, and peidphoral simulations iu a eontrol and data exchange 
capacity. The storage eapaeity for simvdation progrinus is a funclitni of the 
number of experiments being run simultaneously, the comi)lexity of the experi- 
ment and the level of sinudation required. 

4. Periidieral Siimdatiou K(tai|)meut -- 'l*he iK‘rij)luu’al simulation equip- 
ment would t)rovide a visual training support to the payload speeiallst, e. g. , 
d(?plo5'ing an antenna mounted on the pallet. This could l)e aecomiilished by a 
small model controlled by the SimCom with the trainet; w'aleliing through a 
simulated vknvi)ort and an electrical feedback to signify when th(‘ nntc'nua is 
fully deployed. Another type of peripheral simulation would he visual tlepielions 
displayed on (TlTt s mountetl behind u viewtjort. Items muii as eluuds, sfur- 
fiolds and Karth targets could lie displayc'd. 

.'5. Common-Payload Support E(iiupim>nt ( CI’SK) — 'riic following iU‘i\js 
of common payload su])port equipment will be reqidrc'd: scicmtifie airloek, view- 
port, and film vault. The viewports will be used in eonjunetiou with perii)lu''ral 
simulation equipment to provide rei)resentative Karth, sptiee and pallet views, 
hi addition, a tunnel mock -up will be in this same area. All of these items will 
be of actual flight size. 

<)♦ other Kquiiimenl — In addition to the major hardware itcmis dis- 
cussed, the following will he required! 

a. Workbench -- A trainer with higlv fitlelily luiin/ sysh'in iideiiaees 
will be required to fanuliarize the payloiid si)eei!dist with ilight article opeiai- 
tiunal Interfaces. 


b. Public Addross (PA) System ~ A I^A system throughout the training 
facility with the option to patch into the POC during integrated training sessions 
as required. 

c* lOxperiment Support f'light similar racks will be required for 
mounting user pro\dded experiments. These racks must bo portable and capable 
of accepting power and other facility supplied items. 

5, 3 Softwai*e Requirements 

To provide a realistic training environment, die pa 5 dQad specialist should 
interact with data representative of what might bo seen in rlight. Much of this 
data prcsontatioii will be generated by software paekagos. 

Bata gathering and transmitting activities of pallet mounted sen.sors can 
be simulated by software packages. These softwai’o packages should be gen- 
erated for each major sensor element for all disciplines to form a stimulus 
simulation library. By this method, tlio establislnnent of ijcrtinont mission 
parameters (altitiido, pointing attitude, solar activities, etc.) slmuld provide 
enough information for the software to simulate an instrument' s activities and 
generate appropxlate data to the payload spooialist. This softw’arc should simu- 
late expnriment data flow through the experiment data l)us and provide logic to 
allow exprrimont interaction by payload spocialist, ground flight control, or the 
training supervisor. The data that Avould normally be on the lilgh rate data bus 
should be simulated as downlinked at the user console in the format in wliich it 
would appear in flight. 

Softw-are programs will also bo required to simulate outputs of experi- 
ment equipmont that eimnot be furnlsliGd during the training period. It inust 
also support special purpose peripheral simulations, i. e, star fields, Earth 
views. 

Specific Software package requiromonts and sizing are undofined at 
present. Future anal 5 ^sis is phanned for tills area. 
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6.0 ANALYMS 


The pi’e'vious sections ciescx’iho the proposed payload specialist traiiiiii}? 
concept and the typos of resources I’equired to support the formal training 
period. To establish the overall requirotnents of such a concept and to quantify 
the resources necessary to support tills training system, an analysis and com- 
puterized modeling study was rerformod. 

The purpose of tliis study was to define typical overall mission training 
requirements In terms of the modular trainer concept and resources as defined, 
then to quantify the resource requirements for a variety of flight frequency and 
training experienee possibilities. 

The steps involved in this analysis and the results acdiievcd ai’c discussed 
in detail in the following paragraphs. The overall flow of acthdties perfornKHl 
is shown in Figure 2. 
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Figure 2. Training requirements analysis flow. 


G . 1 Typical Mission Definition 

Since training resource requirements are directly related to the jiayload 
complement for which ti'aining must be provided, any analysis of tlie situation 
must be tied as closely as possible to realistic fjpacelab payloads. Spacclab 
payload definitions at tliis time are mostly in the form of x’ofoi’onee mission 
data, or Specific experiment data. 

The primary sotu'ces of expcxdment and xnlssion data for Spacclab arc* 
described in Table 1. Hefex’cnces 2 thx'ough 11 wex^o utilized to support thi,s 
analysis. 

From this referonce material [1-111, a set of four missions was chosen 
for detailed analysis. The missions chosen we I’c: 




TABI.K 1. SPACKiaB MISSION AND DXPEIIIMENT DATA SOimCKS 


1. Spac^e Slmttlcy Payload Doscriptioii (SSPD) 

The SSPD contains the I’csiilts of a survey Iiy IMSI’C of the 
scientific cojmmmity of potential payload stjonsors. They 
wei’e asked to doseribe what oxi)erimonls they would like 
to fly on the Sliuttle. Thu data are accuimilatod accordiiiK 
to scientific discipline and inchule the followinp’ Informa- 
tion for each experiment; 

r Payload Operator Skill Kcquirements 
Launch and Orbital liequiremcnts 
I’ayload 01)jeetivo 
Experiment Hardware Description 
Payload Interface with Space Vehicles 
Power* Data, and Environmental Hociuiroments 
Operational Times and Crew Involvement 
Stowage Requirements 
Computer Support Requirements 

This information is available on anticipated S[)aceJab experi- 
ments but the data are not grouped into missions or payloads, 

2, Integrated Mission Planning (IMAP) Document 

The IMAP exorcise constructs refei*enee missions by com- 
bining selected SSPD payloads. These analysis and planning 
procedures provide experleneo and data on activities requii’ed 
for flight definition. Tlie IMAP is an integrated compilation 
of in-depth studies to assess tlie feasibility of reference 
missions by a number of tedmic'al disci|)line organizations , 
Those diseiplinGS include flight operations, mission time- 
lines, associated ground operatio.is, vehicle/ payload inter- 
face., and payload analysis. 

0. Operation Requirements Analysis (QUA) 

The purpose of the OllA is to define, in as feasible detail as 
possible, those requirements for Spacolal) expei'iments 
operations ns performed during the mission, Tlie 01L\ 
identifies on-orbit crew opei’ations as well as ground oiiera- 
tions required of a payload operations contx'ol center. An 
ORA lerm lists the flight/ support function and associated 
sldll, manpower and tinxe requirements, hardware, and 
interface I’equi rcrnen Is . 



Mission 10; Multiclisclpllno — Pallet only 

Mission 11: Multifliscipllno — Lab and Pallet 

Mission 14; Dedicated — Lab only 

Mission 19; Dedicated Lab and Pallet 

Those missions were selected as representative of the spectrum of possible 
Spacelab configurations and of the various scientific disciplines planned for 
Spacolab flight. From a training standpoint, these missions should bound the 
training problem from a simple sot through a complex set of training require- 
meats as defined in the following sections. The missions selected and their 
experiments are given in Table 2. 

6.2 Mission Expcidment Functional Flow Development 

A detailed analysis of the training requirements for each mission was 
performed. The first step in the training requirements analysis was the 
development of Level I functional flow diagrams (Fig. 11) . These top level 
flows contain the gross functions to be performed during tlie actual flight 
experiment operation phase and are a direct output of the OEA. These func- 
tional diagrams are developed for the primary purpose of structuring system 
requirements into functional terms* 

These ai*e further expanded into Ixjvel II functions or tasks. The lovel 
II functions are the lowest level necessai’y to establish the requirements of 
training resources for a given experiment whieh makes up a part of a payload, 

6. 3 Mission Training llcquirements Analysis 

The training requirements analysis form is illustrated in Figure 4. It 
provides detailed information on each Level E function which must be performed 
in conducting an experiment or group of experiments and what trainiiig resources 
and time is required to tixun for that function. Each fiolcl (m the form is defined 
below; 

X . Function — The function lists the Ixjvel II function to be performed 
for wMcli this sheet defines the requii'cmcnts. 

2 . Number of Payload Specialist ~ This is the number of payload 
specialists to bo trained to perform the function. 
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TABLE 2. TRAINING ANALYSIS MISSIONS 


Mission 10; 

Multidiseipllno Pallet Only 

EO-19-S 

High Speed Interforomotor 

AP-04-S 

Gravity and Relativity Satellite 

IIE-ll-S 

High Energy Astrophysics 

SO-17-S 

Solar Activity Growth Processes 

Mission 11; 

M\iltidiscipllne Ijab and Pallet 

XST 001 

Microwave mtorfoi’ometer 

XST 004 

Autonomous Navigation 

XST 006 

Search and Rescue 

XST 008 

Imaging Radar 

XST 010 

Lidar 

XST 019 

tUtraviolet Meteor Spectx’oscopy 

XST 020 

Colony Growth in Zero-G 

XST 021 

Ihterporsonal Transfer of Microorganisms 


in Zero-G 

XST 023 

Electrical Characteristics of Biological Cells 

XST 024 

Special Properties of Biological Cells 

XST 026 

Zero-G Steam Generator 

XST 027 

Sampling of A/ B Par'll clcs 

XST 029 

Environmental Effects on Nonmetals 

XST 040 

External Contamination Measurements 

Mission 14; : 

Dedicated Lab ( Life Sciences) 

LS-09-S 

Medical Emphasis Mission (medicine, biology, 


life support and protective systems, man 


systems integration) 

LS 001 

Visual Records and Mieroscope 

LS 002 

Data Management Unit 

LS 003 

Life Sciences Support Unit 

LS 004 

Preparation and Preservation Unit 

LS 005 

Biochemical/ Biopliysical Analysis Unit 

LS 006 

Maintenance, Repair and Fabrication Unit 

IB 00? 

Ancillary Storage' 

LS 012 

Biomod/ Behavioral Measuromonts Unit 
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TABI,K2, (Concluded) 




Figure 1 ). I-evel I functional flow diagram. 














PAYLOAD SPECIALIST TRAINING REQUIREMENTS 



Figure 4. Trainioig requiirements analysis 



3. Kiowloclgo — TMs field identifies tlie loiowledge required to perform 
the function. This includes primarily Imowledge not expected to he part of a 
payload specialist’ $ background and which must be Imparted either by experi- 
menters whom the payload specialist will represent and/or by the host payload 
center. 


4. Skill — Skill %'cfcrs to the ability to perform specific tasks, This 
field Identifies the operational skills necessary to pei’form the function at the 
necessary level of proficiency. 

5, Training Methods — This field identifies the most appropriate methods 
of training to perform this function, The two basic methods available for train- 
ing are classroom and trainer. These methods relate back to knotsdedge and 
skill as shown in the following diagram, 



That is, classroom training imparts knowledge while trainer experience 
(utilizing knowledge gained) imparts skill. 

Classroom training will be conducted to sufficient depth to minimize tlie 
use of trainers for otlmr than the acquisition of skill (e, g. , speed, precision, 
etc.) . The training hours (item 7) for classroom and trainor reflect this 
philosophy. 

G . Level — The level defines the function performance pi’Ofieiency 
required. This is categorized as Limited, Proficient, Competent, or Highly 
Proficient according to the followdng definitionss 
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Level 

After Training I’aylond Specialist Will bo Able to; 

Limited 

Accomplish most task activities by being told or 
shown how 

Proficient 

Accomplish most of the task or activity, but not 
necessarily to desired levels of speed or accuracy 

Competent 

Accomplish a task or aetiidty at minimum accept- 
able levels of speed or accuracy 

Highly 

Proficient 

Accomplish an activity at highest levels of speed 
or accuracy, and bo able to tell or show others 
how to do the aetlvitos 


7. Training Hours ~ This field doflnoa the number of training houx’s 
requii’cd of eacli training method (item 0) to trsin all payload specialist identi- 
fied in item 2. This inibrmation is provided for two different types of pajdoad 
specialists: 

a. No Previous. Training — Assumes the payload specialist has never 
been px’eviously trained to perform Spacolab experiments, 

b. Previous Training — Assumes all payload specialists have previously 
been trained to peiTorm Spacelab experimonts, although not necessarily this 
particular function. 

8. Mockups ~ This field defines the type of moekup trainer or hardware 
required to train the payload specialist to poi’foi’m this function. The options 
are: 

a. Part Task ~ Part Task Trainer 

b. Pull — Engineering Model 

G. Soft -• Spacolab module ti'ainer soft moclmp 

d. NB — Neutral Buoyancy simulator 

e. Zero-G -- KC 13.^ aircraft zoro-gravity simulator 

f. Racks — Number of racks nocessai'y 
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g, CPSE — Common Payload Sappoi’t Equipment suc’i as short air-lock, 
long airlock, viewport, film vault. 

h, C&D — Control and display panels on consoles. To perform tasks 
the payload specialist must interact with various experiment related C&X). Since 
there is no current detailed definition of those C&D elements, five categories 

of increasing complexity were defined for purpose of scopiug simulation 
requirements; 



A Discrete: 1-10 channels 


B Discrete: 11 or more channels 

C Variable, i. 0 ., meter’s , CRT’s 

D Requires computer simulation or feedback 

E Requires CDMS, koj'board, and CRT. 

Payload specialist panel requires one 
Type E; a CDMS console, two Type E’ s 

Other Stowage module, experiment hardware, 

worklrench 

9. Data Systems -- Defines the computer systems, interfacing equip- 
ment, and software required to train for this function. Where knowm, data 
quairtity and time of actual computer usage are given, hiiterfacing equipment 
is limited to RAU’ s or hardware used to simulate a RAU function. A pre- 
liminary statement of software requirements for the simulation computer are 
showm for each function. This IdentifiGs tliose programs necessary to simulate 
exporimonts or experiment responses, 

10, Pex-iphoral Simulation Hardware — Any equipment used for peripheral 
simulations, such as video systera to show stars. Earth targets, clouds, etc. , 
vdll be defined for the function. 

11. Remarks — Additional information portinent to the function are given 
here such as coordination requirements or other special i-cquirements. 


on 



This detailed information was prepared for each I^evel H function of each 
experiment of a mission. In addition an experiment summary sheet was pre- 
pared which compiles the training I’osource requirements and associated usage 
time for the entire experiment. 

6.4 Mission Functional Flows 

From the detailed tx’aining requirements analysis and associated sum- 
maries, a training' functional flow was developed for each mission (Fig. 5), 

This flow depicts a scheduling of training necessary to achieve the results 
defined in the summary of the training requirements analysis mid presents a 
profile of training resource utilization for that training time period. To alleviate 
computer overloading, training is scheduled such that while part of tlie ci’cw is 
in the trainer perfoi’ming experiments with computer usage, others are per- 
forming classroom training without computer usage on another experiment. 

6. 5 Parametric Analysis of Resource Hequiromonts 

Training facility requixemonts are dependent on flight frequency, payloai 
type, training pex’iod, and payload specialist oxperienco ratio. For high flight 
frequencies, the training sessions \vill overlap and facility requix’cmcnts will 
be the sum of each flight' s resource requirements. To identify these require- 
ments, tlio mission functional flow data for each representative mission were 
loaded into a data base for use by a computer parametric model. This model 
randomly schedules the representative flights to meet the specified flight fre- 
quency. To allow crow involvement in ground operations tests, the ixayload 
specialist training must essentially to I’minato 4 weeks piuor to lauiicli. Thus if 
we look at the random scheduling of flights, it might appear as in Figure 6. 

The following parameters may bo varied in the computer analysis; 


1, Flight frequency (2-32 flight/ year) 

2, Training pexTods (40 or h/wk/cx'ew) 

3, Payload specialist expo I'icime ratio (100 percent naive to o percent 
naive in 20 percent increments) . 

After defining these parameters, the c'oniputei’ randomly schedules the x’cprc- 
sentativo flights to satisfy the chosen flight frequency and prints out a daily 
schedule of training I’esoux'cos roqiiirod to support training for all flights in 



Figure 5. Flight 11 training block diagram. 





























































Figure 6. Representati\-e training schedule* 


process at; that time. For example, if we wished to look at the case of 12 
flights/ year, 40 h/wk training, and 80 percent naive and 20 percent experienced 
crew, the computer would schedule the 12 launches on equal centers ( one month 
apart) and sum training hardware I’oquiroments for each day of the year 
( appendix) . 

To gain more confidence in the data, 50 random flight sequences for 
each case were averaged by day, Requirements for each piece of training 
hardware wore then plotted in the form of a cumulative frequency distribution 
(Fig. 7) . Using the plot of racks as an example, one can see that for the 
specified conditions 32 racks wll satisfy more than 95 percent of the training 
requirements. Similar plots for all of the resources scope the training resource 
pi’oblom for flight frequencies from 1 through 32 flights/ year. Those data are 
summar’ized in Table 3. 
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7.0 CONCLUSIONS 

Those resources shown in Table 3 will satisfy 95 percent of all 
parametric ally Identified requirGmonts for the respective flight frequencies. 

To satisfy tliese same requirements could r'equiiT. as many as four full trainers 
at a cost several magnitudes greater than that required for the modular concept. 
The modular concopt provides the flexible low cost and time saving approach 
needed to satisfy a multipurpose! high tliroughput training situation. 

While our mialysls has scoped the pi’oblcmi tbei’e are still refinements 
and additional areas requiiing study. 

None of our original analysis made use of scheduling optimisation 
algorithms to allow a reduction in training times per mission. Training 
resource requirements were not analyzed to the detail of shifting mission 
training start dates to I'cduce overlaps in training sessions which in turn might 
reduce resource requirements. 

For analysis simplicity, facility i)rcparation requirements were not 
considered in evaluation of resource requirements in this study. It is recognized 
that trainers must be configured for the various flights and such configuring ties 
up resources prior to the actual training start date. 

For this analysis, flights wei’e randomly scheduled. There ai'c now, 
however, realistic mission models which schedule flights by discipline through- 
out the 1980-1990 time fi’amc. A more realistic analysis could be perfox'med 
by analyzing training I’equiroments to meet this mission model. 

Very little attention was given to the concept of learning curves 
throughout our analysis. This needs consideration to determine if such impacts 
have significant effects on the analysis. 

All of these areas have received analysis since oui* initial studies and 
will be the su])jeet of a subsequent report. 


8.0 


NOTES 


(1) At an early stage, one concept which was cxptoi’cd centered a large 
portion of active training taking place on the flight Si)aeelab. The main rejisons 
for discarding this notion Ineluded ineomi)atil)ilities with integration sc'hedultm, 
the imposition of increased "wear and tour*' on flight systems, the inability to 
introduce training peculiar "faults" into system operation, and tlu? inability to 
simulate weightless operation with "I’eal" hardware. 

(2) In an attempt to ovaluato the modular concept, it was ai)i>lied to the 
extent possible in training for a Concept Verification Test (CVT) mission. A 
dedicated Material Science Mission ( CVT IV A) was performed l)y a naive ei’cw 
totally trained by various experiment PI. Each crewman and bac'kup were 
trained on their assigned experiments in the PI Laboratory on the aelual hartlwai’e 
separately from the other crowanan. Following the individual experiment train- 
ing, an integrated simulation was performed in the test vehicle ( General I^urpose 
Laboratory) prior to the stax’t of the actual test week. 

hi spite of many PI scheduling conniets and initial lack of completely 
assembled hardware, crow performance was suecessful during the mission. 

Crew members wore able to complete repairs and conduct procedural changes 
during the tost with verbal assistance from the I’l. It can be concluded from 
this test that; 

1. Separate training for each payload specialist on his assigned 
experiments is acceptable. 

2. An integrated pajdoud simulation is essential to learning of 
relationships and constraints of otlior experiments and surrounding environments. 

3. PI may px’Qvo too busy wdth other activities to adhere to an estab- 
lished training schedule. This may ne(vessitate tlie estahllshmciU of ti ck>dicated 
training staff. 

A more detailed description of the CVT IV A test results Iscontained 
in the final report available from the MSFC ('VT Oi'iicc. 
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